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Summary: A radioimmüüoassay using N-[3-(4-bydroxy-3-[4-hydroxy-3-[125I]iodophenylpropionyl)]-5-methoxy-
tryptamine äs tracer for determination of melatonin in the serum of different species is described. Melatonin
antisera were raised in rabbits by immunizatioii with a bovine serum albumin conjugate of N-[3-(2-aminoethyl)-
5-methoxy indöle] henüsurcinamide. A single high affinity, specific antiserum was obtained. In contrast to
previous studies, the tracer was synthesised in one Step in the absence of water, giving an excellent yield of
highly pure product. No chromato.gräphic purification Step was needed. Polyethylene glycol in combination
with goat antirabbit imnaunoglobulins was used to separate bound and unbound tracer. Sera were delipidized
with Lipoclean® prior the extraction of melatonin with diethyl ether. This sample preparation allows the
determination of melatonin in the presence of widely varying amounts of lipids in human, rat and hamster
serum. Using this extraetion procedure, the sensitivity of the radioiinmunoassay was approximately l ng/1 of
serum. Dilütions of sera and of synthetic melatonin gave the same parallel response in the radioimmunoassay.
High performance liquid chromatography analysis of a serum extract showed only one immunoreactive peak
•eo-eluting with synthetic melatonin. Characteristic diürnal rhythms of melatonin were observed in all species.
All assay compoiients including Standards and serum controls are stable for at least l year at 4 °C, thus
facilitating the determination of melatonin in a routine laboratory.
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Introduction
Many of the physiological functions of the pineal
gland are mediated by its hormone melatonin (1).
Comparative investigations into the endocrine func-
tion of the pineal in different species often focus on
the quantitative estimation of melatonin, especially in
plasma or serum. Radioimmunoassay is the most
widely used technique to determine this hormone (2).
Although a multitude of excellent radioimmunoassay
procedures have been described (3 — 7), the need for
an easy to handle and generally applicable test System
for serum/plasma of different species is evident
This report describes an assay using an iodinated
tracer of high purity and a specific sample preparation
which allows the determination of melatonin even in
the presence of large amounts of lipids. The excellent
stability of all assay components, the short incubation
times and the double antibody technique facilitate the




125I-labelled Bolton-Hunter reagent, 74 EBq/mol and
[3H]melatonin (1.1 EBq/mol) were purchased from New Eng-
land Nuclear Corp. (Dreieich, F. R. G.)- Bovine serum albumin
was obtained from Behring Institut (Marburg, F. R. G.). Me-
latonin and its analogues were from Sigma (M nchen, F. R. G.)
and Aldrich (Nettetal, F. R. G.). Analytical grade chemicals and
glass-destilled water were used throughout.
Buffers
Buffer A: 50 mmol/1 potassium phosphate, pH 7.0, containing
3 mmol/1 sodium azide and l g/l gelatine. B ffer B: buffer A
supplemented with l g/l ascorbic acid.
Precipitating antiserum reagent
The precipitating antiserum (goat anti-rabbit immunoglob lins)
was diluted 25-fold with phosphate-buffered saline and mixed
l H-l with the same buffer containing 120 g/l polyethylene
glycol 4000 prior to use. One ml of precipitating antiserum was
used per assay tube.
Preparation of the immunogen, and immunisation
The immunogen used consisted of 5-methoxytryptamine hemi-
succinamide bound to bovine serum albumin s described by
Rollag & Niswender (8). The molar ratio of hapten conjugated
to protein was not directly assessed. Twenty rabbits were im-
munized by an initial dorsal injection of an emulsion of 0.5 ml
(l mg) of immunogen and 0.5 ml of complete Freunds adjuvant.
Booster injections were given in the same way at intervals of 4
weeks, except that incomplete Freunds adjuvant was used.
Blood samples were tested l week after each booster injection.
Synthesis of N-[3-(4-hydroxy-3-[125I]iodophenylpro-
pionyl)]-5-methoxytryptamine
Five mg of 5-methoxytryptamine were dissolved in 500 μΐ dry
pyridine. Aliquots (10 μϊ) of this solution were mixed with
appfopriate amounts of 125HabeUed Bolton-Hunter reagent and
the mixture was incubated overnight at 4 °C. The organic sol-
vents were removed under a gentle stream of ni trogen and the
residue was dissolved in 500 μΐ of buffer B. The solution was
applied to a disposable Extrelut l® column and extracted with
6 ml of ethyl acetate. The ethyl acetate was removed at room
temperature under nitrogen and the N-[3-(4-hydfoxy*3-
[125I]iodophenylpropionyl)]-5-methoxytryptamine redissolved in
l ml of buffer B. Appropriate amounts of the conjugate were
diluted with buffer A to a final radioactivity of 10 MBq/1 and
enriched with 0.2 g/l of purified ratobit immunoglobuliris.
Human serum sample preparation
To avoid clotted fibrin, human blood samples were cpllected
by use of Monovette® syringes (Sarstedt, N mbrecht, F. R. G.
or similar products), and centrifuged at 1500g. The serum was
separated and frozen at —20 °C before analysis.
Preparation of serum controls
Ofie litre of serum collected at 14.00 h was obtained from the
hospital blood bank and the melatonin content determraed by
radioimmunoassay to be 7 ng/1. Three hundred ml aliquots were
enriched with either 12 or 24 ng of melatonin in l ml of 0.1
mol/1 hydrochloric acid and l ml portions containing eithef 47
or 87 pg of melatonin were lyophilized without heating. The
lyophilized controls are stable for at le st l year when stored
at 4 °C.
Extraction of melatonin
One ml of serum and 2 ml of Lipoclean® (Behring, Marburg,
F. R. G.) were pipetted into a glass centrifuge tube, heated to
37 °C and mixed on a rotation mixer for at least l minute.
Separation of the two phases was accelerated by 5 min ceiitfif-
ugation at 1500g, and 500 ul of the upper clear serum phase
were transferred into a glass extraction tube. Four ml of diethyl
ether (Uvasol quah'ty, Merck, Darmstadt, F. R, G.) were added
and the phases mixed for l min on a rotation mixer. The lower
serum phase was frozen and the ether phase decanted into a
glas vial. The ether was removed, 500 μΐ of buffer A were added
and the extract stored at 0—4 °C uiitil use.
Preparation of melatonin-free human serum
One litre of serum, from the hospital blood bank, was gently
shaken with 10 g/l charcoal (Norit A, Merck, Darmstadt) for
3 hours at room temperature. The eharcoal was removed by 30
min centrifugation at 10 000 g and the serum stored at ^20 °C.
Preparation of Standards
Buffer Standards
Melatonin was diluted in buffer A from'a l g/l stock solution
in ethanol to the following concentrations: 10, 40,150, 500 and
2000 ng/1. One ml aliquots were lyophilized without heating.
The lyophilized Standards were redissolved in 2 ml of double
distilled water prior to use.
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Serum Standards
Lyophilized buffer Standards were redissolved in two ml of
melatonin-free serum and lyophilized without heating. The lyo-
philized serum Standards were redissolved in 2 ml of double
distilled water prior to use. Both sets of Standards are stable
for at least l year.
Radioimmunoassay procedure
Sample (200 μΐ) and diluted antiserum (50 μΐ) (final dilution
l: 12000) were pipetted to a polystyrene tube and incubated 2
hours at 37 °C or overnight at 4 °C. Tracer (50 μΐ) was added
and the tubes incubated for l hour at 4 °C. One ml of precip-
itating antibody was added, the mixture incubated for 30 min-
utes at 4°C and centrifuged. The supernatant was aspirated
and the pelleted radioactivity determined in a gamma-counter.
Each series consisted of a Standard curve 5 — 1000 ng/1 (l —200
pg/tube), tubes for the determination of unspecific binding,
quality control samples and the samples to be assayed.
Cross-reactivity studies
The specificity of the antiserum was assessed by comparing the
displacement of antibody-bound N-[3-(4-hydroxy-3-[125I]iodo-










Fig. 1. Purity of N-[3-(4-hydroxy-3-[125I]iodophenylpropionyl)]
-5-methoxytryptamine.
N-[3-(4-hydroxy-3-[125I]iodophenylpropionyl)]-5-meth-
oxytryptamine was submitted to reversed phase high
Performance liquid chromatography on a PEP RPC
column (Pharmacia, Freiburg, F. R. G.) using an in-
creasing methanol gradient. [l l] counts/min per frac-
tion (125I). [ΕΞΞ3] Authentic N-[3-(4-hydroxy-3-
[l25I]iodophenylpropionyl)]-5-methoxytryptamine (de-
termined at 254 nm).
Physiological studies
Human
Blood was sampled (September) at the indicated intervals by
an indwelling cannula from six normal healthy female subjects,
aged 18 —34years.
Rat
Male Sprague-Dawley rats were killed at the indicated times
by decapitation, trunk blood was collected and serum was
stored at —70 °C until assayed.
tained after the sixth booster immunization. All anti-
sera were characterized for antibody specificity, de-
tection limits, binding affinity for both [3H]melatonin
and the N-[3-(4-hydroxy-3-[125I]iodophenylpro-
pionyl)]-5-methoxytryptamine, and their non-specific
interaction with lipophilic serum components. The
antiserum showing the highest sensitivity was char-
acterized most fully, and this antiserum is described
in the present communication.
Male golden hamster
Sera were a gift of Dr. Pevet, University of Strasbourg, France.
Results
Tracer synthesis
5-Methoxytryptaimne was Jabelled according to Tie-
fenauer & Andres (6). In contrast to their acylation
procedure we developed a l belling scheine in the
absence of water, which rendered a further Chromato-
graphie purification unnecessary (fig- 1). The overall
yield was 95% s compared to 38% reported by these
authors. The st bility of the concentrated tracer was
at least one half-life period.
Antibody preparation
Six of 20 rabbits immunized produced titratable anti-
sera following the third booster immunization. The
highest titres (final dilutions of l: 60000) were ob-
Characterization of the antiserum
Interference of indolic analogues with the antiserum
is shown in table 1. The greatest interference was
shown by 6-hydroxymelatonin, which is also the prin-
cipal metabolite (9). However, isocratic high perform-
ance liquid chromatography of 5 ml of extracted hu-
man pool serum, according to a previously described
procedure (10), showed no immunoreactivity other
than endogeneous or authentic melatonin (fig. 2).



















J. Clin. Chem. Clin. Biochem. / Vol. 27,1989 / No. 10




Fig. 2. High performance liquid chromatography of human
night serum pool extract.
Human night serum (5 ml) was extracted with diethyl
ether äs described in Material and Methods. In contrast
to the radioimmunoassay procedure, the extract was
redissolved in water/methanol (9 -f l, by vol.) and sub-
mitted to isocratic reversed phase high performance
liquid chromatography on a PEP RPC column. Frac-
tions pf l ml were collected, lyophilized and the mela-
tonin content determined by radioimmunoassay. The
arrow (l) indicates the retention time of authentic me-
latonin.
Similar results were found for rat and hamster serum
extracts (data not shown). All other analogues showed
negligible interference at the concentrations normally
present in blood.
The affmity constants of the antiserum for
[3H]melatonin and N-[3-(4-hydroxy-3-[125I]iodophe-
nylpropionyl)]-5-methoxytryptamine äs determined
by Scatchard-plot analysis (11) were 10~10 and
2 10"" mol/1, respectively.
The sensitivity of the antiserum was determined with
a view to the application of the assay in a clinical
routine laboratory. Therefore a spread of 10000
counts/min for a sufficient counting accuracy and a
tracer concentration of approximately 30 000 counts/
min per tube (to limit the consumption of 125Iodine)
was mandatory. Under these conditions a Standard
curve of l pg (80% B/B0) - 250 pg (20% B/B0)
melatonin per assay tube could be established with
50% displacement at 10 pg per vial. The assay dilution
of antiserum was l: 12000.
Sensitivity of the antiserum against coextracted hu-
man lipophilic serum components is exemplified for
an extreme case in figure 3. This lipophilic component
led to unusually high melatonin values. Although this
effect appeared more or less in all sera of different
species, its magnitude was not predictable but was








Fig. 3. Distortion of radioimmunoassay results by blood fats.
Blood samples of a healthy male volünteer were col-
lected at 30 min intervals. Samples (250 ) were either
extracted directly with diethyl ether (open bars), or
extracted after pretreatment with Lipöcleaii® (fllled
bars).
Pretreatment of serum with Lipoclean® removed this
effect quantitatively without reducing the melatonin
conteiit of serum samples (däta not shown). In the
absence pf serum proteins, however, melatonin is ex-
tracted into the Lipoclean® phase. Parallelism be-
tween the melatonin Standard curve and charcoal-
treated early afternoon serum enriched with identical
amounts of melatonin is shown in table 2. Both curves
are superimposable. Regression analysis gave
y = 0.87x-3.9 (r = 0.99). This corresponds with the
losses of melatonin during sample extraction.























Mean of three different determinations
Assay characteristics
Within-day coefficient of Variation of the zero-dose
Standard is < 2%. Therefore, the minimal detectable
concentration is the concentration at which B/Bö is
approximatly 0.96 (1—2 tirties the coefficient of Var-
iation), or l ng melatonin per litre of Standard.
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Intra-assay and inter-assay variances for pooled hu-
man night serum were 11 and 12%, respectively.
Pooled rat serum (night) had variances of 10 and
13%, pooled hamster serum (day) had variances of
12 and 15%. Recoveries of tritiated melatonin from
human, rat and hamster serum pools were 85 ± 5%.
Physiological studies
Human
Circadian rhythms of serum melatonin in 6 healthy
female volunteers are shown in figure 4. Mean serum
levels of melatonin in the whole group varied from
30 ±3 (±SEM), ränge 11-44 ng/1 at 16.00h to
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Fig. 4. Melatonin circadian rhythm in 6 normal females (mean
± SEM).
Rat
Animals killed during the dark phase (24.00 h) had
higher melatonin levels than serum of rats collected
at 12.00h. Parallelisni between serial dilutions of
night serum and the Standard curve was established.
Recovery of added melatonin was 97 + 5% (corrected
for extraction losses).
Discussion
A rädioimmunoassay for serum melatonin was de-
veloped, bäsed pii the wofk of Rollag & Niswender
(8). In this paper we describe the optimization of
sample preparation by use of delipidization of serum
samples with Lipoclean® prior to the assay, the long
term stabilization of assay components (Standards,
controls, tracer) and a simplified tracer synthesis with
superior yields.
The tracer was found to be of high purity and no
further purification was necessary. Moreover, all Steps
of synthesis can be performed using disposable Stand-
ard equipment. In the presence of the antioxidant,
ascorbic acid, the concentrated tracer was stable for
at least one half-life period.
Six of twenty rabbits produced antibodies, thus de-
monstrating suitability of the antigen, but only one
antiserum exhibited a sufficient sensitivity for devel-
opment of the present assay. Due to the homology of
antigen and tracer, the affinity for the antibody of N-
acyl analogues of 5-methoxytryptamine, such äs N-
[3-(4-hydroxy-3-[125I]iodophenylpropionyl)]-5-meth-
oxytryptamine, is several-fold higher than that of
melatonin. Therefore a preincubation of antiserum
with Standards and extracted samples prior to addi-
tion of the tracer was necessary to enhance assay
sensitivity.
For routine purposes ether extraction has many ad-
vantages over the widely used Chloroform extraction
(5). However, coextracted lipids may strongly distort
the assay results, most probably by non-specific in-
hibition of the antibody-antigen reaction. As this ef-
fect is not predictable, the introduction of a delipidi-
zation step was mandatory. Surprisingly, in the pres-
ence of serum proteins, melatonin is retained in the
aqueous phase, whereas lipids (äs well äs other lipo-
philic components) are extracted into the organic
phase. The validity of the radioimmunoassay was
confirmed by parallel displacement between Standards
and extracted samples enriched with identical
amounts of melatonin, äs well äs the identification of
endogeiious melatonin by high performance liquid
Chromatographie fractionation of a serum pool ex-
tract.
The present results for the diurnal rhythms of mela-
tonin, with low day and high night levels in human
and rat serum, are in good agreement with previous
reports (for review see I.e. (12)).
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